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Studies of iron absorption and excretion by the gastrointestinal tract have 
been facilitated by the use of radioactive iron and older concepts have had to be 
modified.  Experiments utilizing radioactive iron demonstrate that very little 
iron is absorbed unless the body is depleted of its iron stores and that normally 
there is only a  uniform small amount  of this  element excreted in the  feces 
(2, 3).  Excretion of iron by the kidneys is practically negligible except under 
conditions which are somewhat abnormal, such as obtain following the intra- 
venous administration of soluble salts of the metal (2).  It is evident that the 
body holds iron tenaciously and utilizes it in a most economical fashion. 
The data cited below indicate that there is increased excretion of iron by the 
intestinal  tract  following massive  destruction of red  cells by acetyl-phenyl- 
hydrazine.  Furthermore  it  is  shown  through  the  employment  of  the  bile 
fistula dog that a  considerable amount of this increased excretion takes place 
through the biliary tract.  Values for total iron excretion in the bile following 
blood destruction show that there is a  parallelism  between the levels of iron 
and bile pigment; i.e., as pigment  output increases or decreases there is a cor- 
responding increase or decrease  in iron excretion.  It becomes apparent that 
when red ceils are destroyed,  iron is liberated and some of this freed iron is 
eliminated in the bile.  In contrast when colloidal iron is administered by vein 
there is no increased elimination of the element in the bile. 
It will be noted that the basal biliary iron excretion in the dog is of the order 
of magnitude of 0.2 rag. per day when the bile pigment level varies between 80 
to 100 rag. daily.  Under conditions of accelerated  red cell destruction due to 
acetyl-phenylhydrazine administration, the excretion of both these substances 
reaches about ten times basal  values. 
Methods 
The sterile closed bag fistula as devised by Rous and McMaster (6) and modified by Smith, 
Groth, and Whipple (7)  was used in these experiments.  Methods for the determination of 
bile pigments (5) and for total iron (4) have been previously described.  Radioactivity meas- 
urements  were  made  on  a  scale  of  four  Geiger-Miiller  counter  using  procedures  out- 
lined  earlier  (3). 
* The radioactive iron was kindly furnished by Dr. E. O. Lawrence, Radiation Laboratory, 
University of California. 
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EXPERIMENTAL  OBSERVATIONS 
Dog 38-112 was an adult female mongrel setter weighing 10 kilos.  It was made anemic and 
its iron stores depleted by repeated bleedings from the jugular vein,  and then a  sterile bile 
fistula was established.  Radioactive  iron was administered by vein as ferrous gluconate and 
the dog allowed to regenerate red cells containing the isotope as an integral part of the hemo- 
globin.  Bile pigments were determined daily and radioactive iron determinations made on 
one-tenth  of each  day's bile, pooled and analyzed over 3  or 4  day periods.  After a  basal 
period, acetyl-phenylhydrazine was given subcutaneously in four doses of 200 rag. each over 
a  period of 6  days. 
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In Chart A the values for bile pigment and radioactive  iron are plotted and 
they show that during this period of blood destruction  there was marked in- 
crease in the elimination of both materials.  In the subsequent  period of red 
cell regeneration  the values drop to below basal values.  The parallelism  be- 
tween the pigment and iron excretion  is clearly brought  out.  The values for 
bile  pigment  represent  the  total  amount  of  the  pigment  excreted  but  the 
amount of radioactive  iron does not represent the total iron excretion  during 
the period.  The radioactive  iron reflects accurately  the behavior  of the total 
sample. 
In another  experiment  the total iron excretion  in the bile was determined. 
Dog 35-13, carrying a sterile bag fistula, was being utilized in the study of bile 
pigment elimination following blood destruction due to subcutaneously  adminis- 
tered acetyl-phenylhydrazine.  However it was not until the  middle  of the 
experiment  that  iron values were  determined  and consequently the starting W.  B.  HAWKINS AND  ]?.  F.  IZAHN  33 
levels as given in the chart are higher than normal due to the previous red cell 
destruction. 
Chart  B  demonstrates  that  following  six  daily  doses  of  acetyl-phenylhy- 
drazine causing further red cell destruction, there was a many fold increase in 
the amount of bile pigment and total iron excreted.  In the subsequent period 
of regeneration, the bile pigment decreased to as low as 30 rag. a day and the 
iron to about 0.2 rag. daily.  Such low levels are always to be observed follow- 
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ing this type of experiment.  The circulating red cells are new and therefore 
not as many disintegrate daily. 
It is of interest to note in Chart C  that after the drug administration was 
stopped, the bile became much concentrated yet the concentration of iron in 
the  bile  was markedly increased.  The  same was  true  of the  bile  pigments 
although the values are not given.  There was dissociation between the volume 
of bile and the amounts of iron and pigment excreted.  Such dissociation is 
not uncommon. 
Dog 35-13 was also used to determine the effect on the excretion of iron in 
the bile when the metal was given either intravenously or orally.  After bile 34  ~BILIARY  EXCRETION OF  RADIOACTIVE  IRON AND TOTAL IRON 
pigment  and  iron values  had  returned  to within  the normal  range,  colloidal 
iron  1 was given by vein in doses of either 32 or 64 rag. per day over a  period 
of 3½ weeks (Table  1). 
In all there were 605 rag. of this iron injected and at no time did the biliary 
iron vary significantly from the base line level.  During this period there was 
no appreciable change in the level of circulating hemoglobin of 15 gin. per cent. 
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Ferric citrate was next fed at a daily level of 400 rag. for a period of 2 months 
and it is to be noted that there was no resulting change in the amount of iron 
excretion in the bile.  This is not an unexpected finding since this dog's iron 
stores  were  well  filled  and  consequently  minimal  amounts  of  the  fed  iron 
would be absorbed  (3, 4). 
Finally the  cannula slipped  out of the  common bile duct and  the dog was 
killed  under ether  by viviperfusion  (8)  in order to free the  viscera of blood. 
The iron content of the perfused tissues is cited in Table  2  and for comparison 
1 We are indebted  to Dr. David Loeser of the Loeser Laboratories,  New York, for the 
colloidal iron used in these experiments. W.  B.  HAWKINS  AND  P.  F.  HAHN 
TABLE  1 
Biliary  Iron  Not  Affected  by  Intravenous  Colloidal  Iron  or  Iron  by  Mouth 
Dog  35-13. 
35 
4/17 
4/21 
4/22 
4/23 
4/24 
4/26 
4/27 
4/29 
4/30 
5/1 
5/3 
5/4 
5/5 
5/6 
5/7 
5/8 
5/lO 
5/11 
5/13 
5/15 
5/18 
5/25 
5/28 
5/31 
6/3 
6/6 
6/9 
6/13 
6/17 
6/21 
6/24 
7/1 
7/6 
7/10 
7/19 
8/1 
8/6 
Bile  Date  Iron  volume 
rag. ~er  rM. 
cent 
0.07  260 
0.09  262 
0.08  262 
O. 09  240 
O. 08  268 
O. 08  264 
0.10  218 
0.08  216 
0.15  190 
0.13  176 
I  Total  Total bile I  bi.lia  ry  /  pigment  /  *ro   / 
mg.  mg. 
80  0.18 
95  0.23 
92  0.21 
96  0.20 
58  0.22 
68  0.20 
73  0.22 
87  0.17 
120 
100 
112 
71 
69 
73 
92 
52 
88 
91 
105 
138 
118 
103 
72 
67 
69 
82 
Tube out of duct 
Extra iron intake 
32 mg. colloidal  by vein 
32 mg. colloidal  by vein 
32  "  "  " 
32  "  "  '  " 
32 mg.  "  " 
64  ~  ¢~  ¢¢ 
32  "  "  " 
32  "  .... 
64  ~  ~  c¢ 
64 mg.  "  " 
64  ~¢  ~t  c~ 
61  "  "  " 
605 mg. total injected 
400 mg. iron per day with diet 
400  ¢¢  ¢~  c¢  t~ 
400  ¢¢  ¢¢  t¢  ¢~ 
400  ¢¢  ¢c  ~t  ¢¢ 
400  g~  ¢¢  ¢c  eg 
400  ~c  c~  ~t  ~c 
400  ~¢  g¢  t¢  ¢~ 
400  ~  ¢¢  ¢g  tc 
Viviperfusion done under ether.  Hematocrit before perfusion 44.2  per cent, 
hemoglobin 122 per cent.  Hematocrit at end of perfusion 0.7 per cent. 
figures  values  obtained from  similar  organs  in  anemic and  nomml  dogs are 
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Seventy-nine per cent of the injected iron can be accounted for in the liver, 
spleen,  and  kidneys  when  we  allow  for the  iron  content  of normal  animals 
according to the figures of Bogniard and Whipple  (1).  It will be noted  that 
the liver has taken up the bulk of the injected iron although the concentration 
in the spleen is far greater.  As would be expected,  the accessory spleen con- 
tains the same concentration as the normal organ.  The fact that so much of 
TABLE 2 
Iron Content c f Perfused Organs 
Mg. per 100 gm. fresh tissue.  Values in  )arentheses show total iron mg. in organ. 
Dog No. 
35-13 
30-115 
34-5 
33-85 
Normal 
average~/ 
Liver 
119 (403) 
3.2 
1.2 
1.7 
24.6 
Spleen 
379 (95) 
386* (77) 
7.2 
7.9 
46.5 
Heart 
4.0 (4) 
2.7 
2.9 
2.6 
3.9 
Kidney 
12.6 (15) 
1.2 
1.7 
1.2 
4.6 
Lun~ 
5.9 (7) 
1.8 
2.4 
5.2 
6.9 
Remarks 
Bile fistula, iron by vein 
Anemic,  iron  depleted, 
splenectomized 
Anemic, iron depleted 
Normal dogs 
Weight of organs of 35-13 as follows: Lungs 46, 65 gm.; heart 100 gm.; kidneys 58, 61 gin.; 
liver 339 gm.; Spleen 25 gm.; accessory spleen 20 gin. 
* Accessory spleen. 
~: Values reported by Bogniard and Whipple for average of seven normal dogs (1). 
the iron can be accounted for many weeks after it was injected indicates how 
tenaciously the body retains the iron even when it is present in much  excess. 
DISCUSSION 
It is apparent  that under normal conditions the amount of iron excreted in 
the  bile  is  very  small,  averaging  about  0.2  rag.  per  day.  However  as  the 
result  of massive red  cell destruction  by acetyl-phenylhydrazine this amount 
can be increased tenfold.  This increase in iron persists only during the period of 
red cell destruction and the amount eliminated represents only a small fraction 
of the iron released from the destroyed cells. 
It is of interest  to compare the ratio of iron eliminated to the iron released 
from red  cells  under  normal  conditions  as  contrasted  to accelerated  red  cell 
destruction.  Dog 35-13 during a  control period of 7 days eliminated 536 mg. 
of  bile  pigment  which  is  equivalent  to  15.3  gm.  hemoglobin  (1  gm.  hemo- 
globin =  34.9 mg. of bile pigment).  This 15.3 gin. hemoglobin destroyed due W.  B.  HAWKINS  AND  P.  ZF.  HAHN  37 
to wear and tear of red cells would release 51.2 rag. of iron but of this amount 
only 1.5 mg. was excreted in the bile.  It is to be admitted that a fraction of 
the  bile  pigment  excreted probably came  from muscle hemoglobin but  the 
error as the result of assuming that it all represents destroyed hemoglobin of 
red  cells is not great for the purpose of our comparison.  During a  13 day 
period of increased bile pigment and iron excretion due to hydrazine destruc- 
tion of red cells, this dog eliminated 6585 mg. bilirubin equivalent to 188.6 gm. 
hemoglobin with a  consequent release of 631.8 mg. of iron.  Of this released 
iron only 17 mg. appeared in the bile.  The ratio of iron excreted to hemoglobin 
iron released" from red cells is  1 to 34 under normal conditions as contrasted 
with 1 to 37 parts during the period of accelerated red cell destruction.  Since 
the ratios are practically the same it is evident  that  the  same  mechanism  is 
functioning in effecting the elimination of iron in  the bile in the normal and 
abnormal state. 
Previous experiments have shown clearly that bile pigment elimination is a 
true index of hemoglobin destruction--1 gm.  of hemoglobin is equivalent to 
34.9 rag. of bile pigment.  The fact that the radioactive iron and total iron 
runs parallel to the bile pigment in the bile would suggest that there is a routine 
response to hemoglobin destruction, total elimination of the pigment radicle 
as bile pigment but the excretion of only 3 per cent of the released iron in the 
bile.  The  body conserves the  rest  of  the  iron  since  previous experiments 
have shown that the intestine excretes but very small amounts of iron under 
these conditions (2). 
In contrast increase of iron excretion in the bile does not occur following the 
intravenous injection of colloidal iron or when  iron is fed by mouth.  One 
would not expect an increase after the feeding of iron in this dog as its iron 
stores  were  well  filled  and  consequently  only  minimal  amounts  would  be 
absorbed at best (2, 3).  Since colloidal iron is particulate it would be phago- 
cytized by the reticulo-endothelial system and would not be eliminated since 
it is not in a soluble form. 
From Chart C it is clear that the extent of iron and bile pigment excretion is 
not related to the volume of bile secreted.  However there is a  definite rela- 
tionship between the  quantity of bile pigments  and iron eliminated,  Charts 
A and B. 
The iron analyses of the perfused tissue show further evidence of the rela- 
tionship between the  liver and  spleen as storehouses for iron referred to in 
previous reports (1, 4).  This piling up of iron in the organs is indicative of how 
tenaciously the  body retains it.  Previous studies  (2)  with radioactive iron 
have shown how little iron is eliminated even though given in excess. 
SUMMARY 
Iron is eliminated in the bile of normal dogs at a low but quite constant rate, 
0.2 mg. per day.  The feeding of large amounts of iron to normal dogs does not 38  BILIARY  EXCRETION  OF  RADIOACTIVE  IRON  AND  TOTAL  IRON 
cause an  increased  iron excretion in  the  bile nor does the  injection of con- 
siderable quantities of colloidal iron by vein. 
When red cell destruction is brought about by acetyl-phenylhydrazine the 
elimination of biliary iron may increase  tenfold and  parallels  the  increased 
output of bile pigment. 
When red cells containing radioactive iron are destroyed by acetyl-phenyl- 
hydrazine there is a significant increase in radioactive iron excreted in the bile 
which parallels the bile pigment excretion--Charts A and C. 
The excretion of iron and bile pigment is independent of the volume of bile. 
When  hemoglobin is destroyed the  pigment  radicle  is  totally excreted as 
bile pigment but only 3 per cent of the released iron is eliminated in the bile 
with conservation of the remainder. 
The importance of the liver and spleen  as storehouses of iron is  again con- 
firmed.  The body conserves iron even when it is present in marked  excess. 
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